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I n t r o d u c t i o n :  
The d i f f e r e n t  t y p e s  of coal are normally c l a s s i f i e d  

w i t h  t h e  h e l p  of t h e r m a l  methods. One of t h e  main a i m s  of such  
methods i s  t o  de t e rmine  t h e  amount of carbon n o t  bound any 
o t h e r  e l emen t s  i n  t h e  coal,  c a l l e d  " f ixed"  carbon here'" which 
i s  p robab ly  e q u i v a l e n t  to t h e  term " f r e e "  or  even "e lementa l"  
carbon i n  o t h e r  i n v e s t i g a  A s h o r t  t e n t a t i v e  method w a s  
f o r  i t  sugges t ed  by Swain'iPnking D i f f e r e n t i a l  Thermal Analyses  
r e q u i r i n g  s t a n d a r d s  w i t h  known amounts of chemica l ly  determined 
carbon i n  which t h e  carbon h a s  t o  be a ve ry  s imilar  form to  t h a t  
of t h e  sample. Th i s  i s  ve ry  inconven ien t  c o n s i d e r i n g  t h e  many 
d i f f e r e n t  forms of ca rbon  a l o n e  i n  one coal.  The s t a n d a r d  t e s t  
f o r  t h y 2 F l a s s i f i c a t i o n  of coal i s  
Mines . I t  does n o t  need any S tanda rds  and t h e  p r e c i s i o n  
of t h e  carbon d e t e r m i n a t i o n  i s  ve ry  h igh .  But t h i s  method needs  
s p e c i a l l y  b u i l t  equipment,  is  t i m e  consuming and needs  severa.1 
samples o f  t h e  same coal .  

Recent improvements i n  t h e  d e s i g n  and r e l i a b i l i t y  of 
a u t o m a t i c  Thermoanalyses i n s t r u m e n t a t i o n  makes i t  desirable t o  
r e i n v e s t i g a t e  t h i s  t e c h n i q u e  f o r  t h e  d e t e r m i n a t i o n  of " f i x e d "  
carbon i n  c o a l  t o  see i f  it would b e  p o s s i b l e  t o  adap t  t h e  
Bureau o f  P4ines carbon tes t  t o  one o f  t h e  au tomat i c  Thermoanalyses 
t e c h n i q u e s  wi th  t h e  smallest  amount of change. 

The f i r s t  sample of t h e  c o a l  i s  used  to  de te rmine  t h e  m o i s t u r e  
i n  coal by t h e  we igh t  d i f f e r e n c e  of bed f re sh  coal and a i r  d r i e d  
and h e a t e d  (105OC) coal. The a s h  c o n t e n t  o f  t h e  coal is  measured 
i n  a sgcond sample by h e a t i n g  it i n  an aerated oven f o r  1 1 / 2  h r s .  
a t  750 C and weighing t h e  remaining a sh .  The v o l a t i l e  m a t t e r  i s  
determined by h e a t i n g  a t h i r d  sample to  95OoC i n  an  enc losed  con- 
t a i n e r  f o r  7 minutes  and measuring t h e  weight  d i f f e r e n c e  occur red  
on t h e  sample d u r i n g  t h e  h e a t i n g .  The f i x e d  carbon c o n t e n t  i s  
d e r i v e d  by deduct ing  t h e  weight  of w a t e r ,  a s h  and v o l a t i l e  mat ter  
from t h e  o r i g i n a l  weight  of t h e  coa l .  

From t h e  s e v e r a l  Thermoanalysis  t echn iques  Thermogravi- 
metry s e e m s  t o  be e s p e c i a l l y  s u i t e d  t o  use  f o r  t h e  f i x e d  carbon 
tes t  as i t  can measure the we igh t  change of t h e  sample i n  d i f f e r e n t  
a tmospheres  as f u n c t i o n  of t h e  t empera tu re  as r e q u i r e d  by t h e  
Bureau of Mines t es t .  

pub l i shed  by t h e  Bureau of 

The Bureau of Mines test i s  made i n  t h e  fo l lowing  way. 
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The f i x e d  ca rbon  tes t  c o u l d  be made w i t h  t h e  h e l p  
of Thermogravimetry i n  t h e  f o l l o w i n g  way. F i r s t  t h e  sample  
i s  h e a t e d  i n  an i n e r t  g a s  a tmosphere  ( n i t r o g e n ,  he l ium)  t o  
950°C l i n e a r l y  w i t h  t empgra tu re .  
a l l y  coo led  t o  a b o u t  350 C and r e h e a t e d  up w i t h  t h e  same h e a t i n g  
r a t e  i n  an oxoidizing a tmosphere  ( a i r  o r  he l ium oxygen m i x t u r e )  
t o  abou t  800 C .  The we igh t  l o s s  o f  t h e  c o a l  r e c o r d e d  i n  t h e  
o x i d i z i n g  atmosphere i s  t h e  amount of f i x e d  ca rbon  i n  t h e  Sample. 
Water and a l l  v o l a t i l e  m a t t e r  w e r e  removed i n  t h e  r u n  i n  t h e  
i n e r t  a tmosphere ,  and a s  o n l y  ash i s  l e f t  a f t e r  t h e  r u n  i n  t h e  
oxyd iz ing  a tmosphere ,  t h e  w e i g h t l o s s  i n  t h i s  a tmosphere  i n d i c a t e s  
t h e  amount of f i x e d  ca rbon .  

u s u a l l y  used  i n  thermogravimet ry  t h e  t es t  w i l l  t a k e  a b o u t  two 
and a h a l f  hour s .  
shou ld  have l f t t l e  e f f e c t  on t h e  r e p r o d u c i b i l i t y  (1 - 3 % )  of 
Thermobalances. The advan tage  of measur ing  f i x e d  ca rbon  w i t h  
t h e  h e l p  of thermogravimet ry  i s  t h a t  t h e  t es t  can  b e  done i n . a  
v e r y  s i m i l a r  way a s  t h e  manual t e s t  b u t  a s h o r t e r  time, on a 
s i n g l e  sample,  f u l l y  a u t o m a t i c a l l y  on s t a n d a r d  i n s t r u m e n t a t i o n  
and t h e  f i x e d  amount o f  ca rbon  i s  r e c o r d e d  pe rmanen t ly  on a g raph  
pape r  o r  a p r i n t  o u t .  A t  t h e  same time a r e c o r d  i s  made of  t h e  
amount of wa te r ,o f  t h e  v o l a t i l e  matter and t h e  a sh .  

The d i s a d v a n t a g e  of thermographic  equipment a g a i n s t  . 
o t h e r  t he rmoana lys i s  i n s t r u m e n t a t i o n  i s  t h a t  it i s  d e l i c a t e  t o  
h a n d l e ,  v i b r a t i o n  s e n s i t i v e ,  r e l a t i v e l y  expens ive  and any o f f -  
coming g a s e s  a r e  d i f f i c u l t  t o  measure.  

I f  one i s  more i n t e r e s t e d  i n  measur ing  t h e  amount of  
f i x e d  ca rbon  and would l i k e  t o  do t h i s  on a more r u g g e d , s m a l l e r  
and less expens ive  i n s t r u m e n t  which might  be hand p o r t a b l e ,  Evolved 
Gas A n a l y s i s  s e e m s  t o  be t h e  b e t t e r  c h o i c e .  I n  Evolved G a s  A n a l y s i s  
i n s t e a d  of  we igh t  changes  t h e  g a s e s  e v o l v i n g  from t h e  sample  a r e  
measured. T h e r e f o r e ,  i n s t e a d  of a d e l i c a t e  and e x p e n s i v e  b a l a n c e  
mechanism, a s t u r d y ,  s m a l l  and s e n s i t i v e  a l l  g a s  d e t e c t o r  l i k e  
t h e  Thennoconduc t iv i ty  d e t e c t o r  can be used.  'Fcr s p e c i a l  g a s e s  
even h i g h e r  s e n s i t i v i t y  g a s  d e t e c t o r s  can b e  used,Gor hydrocarbons ,  f 
f lame i o n s a t i o n  d e t e c t o r s  c a p a b l e  of d e t e c t i n g  1 0  grams. And 
a s  a we igh t  change can  o n l y  occur  when g a s e s  e v o l v e ,  Evolved Gas 
Analys i s  g i v e s  p r i n c i p a l l y  t h e  same i n f o r m a t i o n  a s  Thermogravimetry.  

can be r u n  v e r y  s i m i l a r l y  as i n  Thermogravimetry by h e a t i n g  i t  
up f i r s t  i n  an i n e r t  c a r r i e r g g s  stream (he l ium,  n i t r o g e n )  t o  95OoC; 
t h e n  coo led  down t o  a b o u t  350 C and r e h e a t e d  t o  abou t  8OO0C i n  
an oxyd iz ing  atmosphere.  The f i x e d  ca rbon  which w a s  l e f t  o v e r  
from t h e  i n e r t  g a s  r u n  is  c o n v e r t e d  t o  carbon d i o x i d e  i n  t h e  oxi-  
d i z i n g  a tmosphere  and i n d i c a t e d  by t h e  t h e r m o c o n d u c t i v i t y  d e t e c t o r .  
The a r e a  under t h e  ca rbon  d i o x i d e  peak i s  measured and w i t h  t h e  
h e l p  of a c a l i b r a t i o n  run  of u l t r a p u r e  carbon c o n v e r t e d  t o  m i l l i g r a m s  

Then t h e  sample i s  au tomat i c -  

I f  one assumes a h e a t i n g  r a t e  of  15°C/min., which i s  

I n c r e a s e  i n  t h e  h e a t i n g  r a t e  t o  a b o u t  25OC/min. 

To d e t e c t  t h e  amount of f i x e d  carbon i n  c o a l  t h e  sample 

e 
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of carbon.  I f  a c a l i b r a t i o n  i s  made f o r  water and t h e  remaining 
a s h  i n  t h e  c r u c i b l e  is weighted ,  t h e n  a l s o  Evolved Gas A n a l y s i s ,  
s h o r t  EGA, can measure t h e  c o n t e n t  of water, v o l a t i l e  m a t t e r  
(by d i f f e r e n c e ) ,  f i x e d  carbon and ash  i n  c o a l .  The advantage of 
t h e  EGA method over  t h e  o t h e r  methods l i es  mainly i n  i t s  rugged- 
n e s s ,  s m a l l e r  s i z e  and l o w  c o s t .  The p r e c i s i o n  of t h e  f i x e d  
carbon d e t e r m i n a t i o n  s h o u l d  be s i m i l a r  t o  t h e  Thermogravimetric 
method. I f  it can be v e r i f i e d  t h a t  f o r  a l l  e x i s t i n g  c o a l  t h e  
carbon peak can be recognized  i n  t h e  o x i d i z i n g  atmosphere without  
removing t h e  v o l a t i l e  g a s e s  a s  it could  be done i n  t h e  samples 
which were run i n  t h i s  i n v e s t i g a t i o n ,  t h e n  t h e  EGA test f o r  t h e  
f i x e d  carbon would b e  much s i m p l e r  t h a n  any of t h e  o t h e r  mentioned 
tests. 

EGA s y s t e m s  have  been designed by t h e  a u t h o r  i n  t h e  p a s t  
and a p p l i e d  among o t h e r  f i e l d s  w i t h  a n o t h e r  i n v e s t i g a t o r  t o  t h e  
de te rmina t ion  of carbon i n  t h e  a i r b o r n e  p a r t i c u l a t e . ( 5 ) T h e  q u e s t i o n  
a r o s e  how w e l l  t h i s  method is s u i t e d  f o r  d e t e r m i n a t i o n  of f i x e d  
carbon i n  c o a l .  I n  t h e  f o l l o w i n g  t h e  f e a s i b i l i t y  of s u c h  an 
approach is being s t u d i e d  and r e p o r t e d  r e s u l t s  seem t o  encourage 
f u r t h e r  i n v e s t i g a t i o n  of t h i s  approach. 

Method: 

based on e a r l i e r  work of t h e  au thor  . 
v e s t i g a t i o n .  The weighted  sample is  f i l l e d  i n t o  a q u a r t z  c u v e t t e ,  
which i s  h e l d  i n  p l a c e  by a sample h o l d e r .  A thermocouple  measures 
i n  t h e  middle  of  an a v e r a g e  s i z e  sample t h e  tempera ture .  A p l a t i -  
num s h i e l d  p r o t e c t s  and enhances t h e  o u t p u t  of t h e  thermocouple.  
Through a smal l  h o l e  a t  t h e  t i p  of t h e  thermocouple p a s s e s  p r e -  
warmed c a r r i e r g a s  i n t o  sample t a k i n g  w i t h  it any evolving g a s e s  
t o  t h e  d e t e c t o r .  The shown p o r t i o n  of t h e  EGA head i s  hea ted  by 
a surrounding oven l i n e a r l y  w i t h  tempera ture .  

c r e a t i n g  a very s i m i l a r  chemica l  and p h y s i c a l  environment for 
each  sample and t o  be a d a p t a b l e  t o  many d i f f e r e n t  samples ,  t h e  
EGA d e s i g n  has t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

I n  t h e  f o l l o w i n g  an improy?$i EGA system is described 

Figure 1 shows t h e  b a s i c  EGA d e s i g n  used i n  t h i s  i n -  

TO a c h i e v e  h i g h  s e n s i t i v i t y  and r e p r o d u c i b i l i t y  by 

(1) Uniformi ty  of tempera ture  a t  t h e  sample ( l0C) 
( 2 )  The free s p a c e  i n  t h e  sample chamber and t h e  

connec t ing  tub ing  t o  t h e  d e t e c t o r  a r e a  as 
s m a l l  as p o s s i b l e  t o  a l l o w  l e a s t  d i l u t i o n ,  
h i g h e s t  s e n s i t i v i t y  and f a s t e s t  response .  

( 3 )  The c a r r i e r  g a s  i s  prehea ted  t o  t h e  sample 
t e m p e r a t u r e .  

( 4 )  The c a r r i e r  g a s  flows through t h e  sample powder. 
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( 5 )  The sample t empera tu re  i s  measured i n  t h e  
sample. t (6) Any c o l d  s p o t s  a r e  avoided. 

(7) The p r e s s u r e  can be changed from !9-6 mm Hg 
t o  500 p s i .  

( 8 )  The Semperature range is from -1OOOC t o  
1200 c. 

( 9 )  D i f f e r e n t i a l  Thermal Ana lys i s  set  up is a l s o  
a v a i l a b l e  i n  t h e  EGA head. 

Incone l  600. 
( 1 0 )  The u n i t  i s  made from chemical ly  i n e r t  

The complete schemat ic  of t h e  EGA system i s  shown i n  
F igu re  2 .  

\ 

I The c a r r i e r  g a s  i s  s u p p l i e d  by high p u r i t y  g a s  t anks  
1 ( i m p u r i t i e s  2 ppm) and is  p r e s s u r e  r e g u l a t e d  and i f  necessary-, 

mixed i n  a s p e c i a l  tee w i t h  oxygen, b e f o r e  it e n t e r s  t h e  r e f e r e n c e  
s i d e  o f  t h e  the rmoconduc t iv i ty  ce l l ,  from where i t  f lows  i n t o  t h e  
EGA head, where i t  is f i r s t  prewarmed i n  t h e  forechamber t o  t h e  
sample t empera tu re .  From t h e r e ,  t h e  c a r r i e r  gas  flows through 
t h e  sample, where it takes any offcoming gas  from t h e  sample 
through a sma l l  a n n u l a r  space  between t h e  forechamber and t h e  
s e a l i n g  tube t o  t h e  sample s i d e  of t h e  thermoconduct iv i ty  de- 
t e c t o r ,  where any unbalance i n  t h e  s e n s i n g  b r i d g e  c r e a t e d  by t h e  
evolved gases  i s  i n d i c a t e d  by a r e c o r d e r ,  which a l s o  i n d i c a t e s  
w i t h  a second pen t h e  sample t empera tu re  and w i t h  the h e l p  of a 
d i s c  i n t e g r a t o r  t h e  a r e a  under t h e  g a s  peak. 

\ 

A s  t h e  thermoconduct iv i ty  d e t e c t o r  does n o t  a l t e r  i n  
any way t h e  offcoming g a s e s ,  they can be i n j e c t e d  f o r  f u r t h e r  
s tudy  with a gas  sample v a l v e  i n t o  a gas  chromatograph, where 
t h e  offcoming peaks can be s e p a r a t e d  and i d e n t i f i e d .  F u r t h e r  
i d e n t i f i c a t i o n  can be made by mass spec t romet ry  or o t h e r  de- 
t e c t o r s  f o r  s p e c i f i c  g a s e s .  

l i n e a r l y  with t empera tu re  by a t empera tu re  programmer. The 
thermoconduct iv i ty  d e t e c t o r  i s  l o c a t e d  on t h e  t o p  of t h e  fu rnace  
n e x t  t o  t h e  EGA head t o  avo id  c o l d  s p o t s  and a l low immediate de- 
t e c t i o n  of offcoming gases .  

d i f f e r e n t  atmospheres and h e a t i n g  r a t e s  w i t h  no sample i n  t h e  EGA 
head w e r e  ob ta ined .  N o  s i g n i f i c a n t  d e v i a t i o n  could be observed  
( 2 % )  i n  t h e  ranges used f o r  t h e  c o a l  samples.  The b i m e t a l l i c  
tempeyature c o n t r o l l e r  f o r  t h e  Thermoconductivity c e l l  c r e a t e s  a 
sma l l  j u s t  v i s i b l e  s inuous  d e v i a t i o n  of t h e  b a s e l i n e .  
t h e  very ho t  offcoming c a r r i e r g a s  i s  i n  t h e  h e a t  exchanger c o i l  
no t  more p rope r ly  cooled down t o  t h e  T/C t empera tu re  r ange  and 
c r e a t e s  a downward imbalance i n  t h e  thermoconduct iv i ty  cell.  A 

The EGA-head is l o c a t e d  i n  a fu rnace  which i s  hea ted  

I n  o r d e r  t o  c a l i b r a t e  t h e  system, f i r s t  b a s e l i n e s  i n  

Over 8OO0C 
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l onge r  and b e t t e r  t empera tu re  s t a b i l i z e d  coal would ex tend  
c o n s i d e r a b l y  t h e  u s e f u l  r ange  o f  t h e  t empera tu re .  

2 mgr o f  u l t r a p u r e  s p e c t r o g r a p h i c  g r a d e  carbon ( 0 . 0 0 0 1 % )  was 
f i l l e d  i n t o  t h e  q u a r t z  c u v e t t e  of the.EGA head and t h e  area under 
t h e  peak determined as f i g u r e  #3 shows.. T h i s  r u n  was as t h e  fo l low-  
i n g  r u n s  ob ta ined  under  t h e  fo l lowing  c o n d i t i o n s :  Heating r a t e  
10 C/min., paper  advance 6"/hour,  hel ium g a s  f low 20cc/min., 
oxy8en g a s  f low lOcc/min., Thermoconduct ivi ty  d e t e c t o r  140 m A ,  
150 C ,  s e n s i t i v i t y  4 ,  f u l l s c a l e  on r e c o r d e r  2 mV. The b l u e  l i n e  
across t h e  diagram i n d i c a t e s  t h e  sample t empera tu re ,  t h e  red l i n e  
t h e  offcoming g a s  and t h e  d i s c  i n t e g r a t o r  trace t h e  a r e a  under  
t h e  peak. One can see t h a t  t h e  C02 comes o f f  around 76OoC and 
t h a t  t h e  a r e a  underneath t h e  peak co r re sponds  t o  9 4  squares  p e r  
m i l l i g r a m  carbon. 

t u r e  of t h e  carbon peak depends s t r o n g l y  on  t h e  p re sence  of c e r t a i n  
c a t a l y s t s ,  some of which occur l i k e  i r o n ,  i n  i t s  many forms, i n  
r e l a t i v e  large c o n c e n t r a t i o n s  i n  coal .  
downward s h i f t s  of t h e  ca rbon  peak i n  t h e  o r d e r  300 t o  400 C.  
T h e r e f o r e ,  t h e  ca rbon  peak i n  coal may be expected i n  t h e  tempera- 
t u r e  r ange  of 450 and 60OoC. 

The nex t  t h r e e  f i g u r e s  show t y p i c a l  EGA diagrams of c o a l  
powder. I n  f i g u r e  4 ,  5 m i l l i g r a m s  o f  coal powder from t h e  Mary 
L e e  seam i n  P.labama was r u n  i n  a hel ium oxygen,atmosphere from 
room tempera tu re  t o  900 C. 
fol lowed by a shou lde r  a t  4OO0C and a s h a r p  peak a t  470 C ,  which 
seems t o  b e  located on a lower b roade r  peak as i n d i c a t e d  by t h e  
dashed l i n e .  Th i s  peak c a n . b e  i d e n t i f i e d  as coming from t h e  ca rbon  
of t h e  c o a l  by t h e  f o l l o w i n g  method which a l so  a l lows  t o  measure 
t h e  a r e a  under t h e  peak. F i r s t  t h e  v o l a t i l e  matter of t h e  c o a l  
sample (broad  peak) i s  removed by h e a t i n g  t h e  sample i n  a p u r e  
helium atmosphere a s  s e e n  i n  &he nex t  F i g u r e  5.  
t race shows a shoulde6 a t  200 C a peak around 500 C a s h o u l d e r  a t  
725 and a peak a t  770  C w i t h o u t  r e tugn ing  t o  z e r o  a t  t he  end o f  
t h e  r u n  ( 9 0 0  ) .  The peak around 500 C i s  m o s t  probably due  t o  
ca rbon  w i t h  the  oxygen d e r i v e d  from decomposing material. The area 
of t h i s  peak i n d i c a t e s  a smaller amount of carbon than  a similar 
a r e a  i n  t h e  l a s t  f i g u r e  as t h e  ca r r i e r  g a s  f low is  reduced i n  t h i s  
r u n  by t h e  amount of oxygen p r e s e n t  i n  t h e  ea r l i e r  r u n  and a l l  
evolved g a s e s  appea r  t h e r e f o r e  i n  h i g h e r  c o n c e n t r a t i o n  ( 6 6 % ) .  

In  F igu re  #6 t h e  remaining sample from t h e  r u n  shown i n  
F i g u r e  # 5  i s  r e h e a t e d  i n  a helium-oxyggn atmosphgre.  The diagram 
shows a decb in ing  b a s e l i n e  between 300 C a n d - 6 0 0  C and a s i n g l e  
peak a t  490 C. AS t h e  offcoming g a s  f o r  t h i s  peak and a l l  t h e  
o t h e r  peaks  around 5OO0C i s  C 0 2  t h e y  are due  t o  t h e  carbon i n  t h e  
coal .  I f  one compares t h e  a r e a s  of t h e  carbon peaks  i n  t h e s e  t h r e e  

To measure t h e  amount of c a r b o n ' i n  t h e  coal samples 

I n  a n o t h e r  i n ~ e s t i g a t i o n ' ~ )  i t  w a s  found t h a t  t h e  tempera- 

These c a t a l y s t s  mag cause  

0 F i r s t  a n e g a t i v e  peak occurg  a t  270°C 

!&he evolved g a s  
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runs  one f i n d s  t h a t  t h e  a r e a  of  t h e  carbon peak i n  t h i s  r u n  

run  b e f o r e  r e s u l t  i n  t h e  a r e a  of t h e  carbon peak i n  t h e  f i r s t  
run (F igu re  # 4 ) .  Using t h e  c a l i b r a t i o n  run w i t h  u l t r a p u r e  
carbon ( F i g u r e  # 3 )  one can now f i n d  t h e  weight  of t h e  f i x e d  
carbon i n  t h e  c o a l  sample and c a l c u l a t e  t h e  pe rcen tage  of c a r -  
bon i n  c o a l .  

and a f t e r  each run  weighted i n  a Cahn Micro ba lance .  I n  t h i s  way 
acco rd ing  t o  t h e  s t a n d a r d  method, t h e  amount of  f i x e d  carbon 
could be determined by s u b t r a c t i n g  t h e  weight  of  t h e  v o l a t i l e  
m a t t e r  ( i n c l u d i n g  t h e  wa te r )  and t h e  weight  of t h e  a sh  from t h e  
o r i g i n a l  weight of c o a l .  

t h e  l a s t  F igu re  (#7). 

samples i s  shown f i r s t  a s  de te rmined  by t h e  EGA method and then  
by t h e  s t a n d a r d  method u s i n g  weight  d i f f e r e n c e .  One can  see t h a t  
t h e  r e s u l t s  of t h e s e  two methods a r e  very c l o s e  i n  s p i t e  of q u i t e  
varying f i x e d  carbon c o n t e n t  i n  t h e  c o a l .  Also,  on  t h e  diagram 
i s  t h e  amount of v o l a t i l e  m a t t e r  and a s h  i n d i c a t e d .  One can see 
h e r e  on t h e  o t h e r  hand t h a t  t h e  a r e a s  de te rmined  by EGA c o r r e s -  
ponding t o  t h e  v o l a t i l e  matter do n o t  compare w e l l  t o  t h e i r  
measured weight l o s s .  This  i s  easy t o  unde r s t and  because  t h e  
thermoconduct iv i ty  of each of  t h e  offcoming g a s e s  i s  d i f f e r e n t  
and causes  wide v a r i a t i o n s  i n  t h e  weight  of  t h e  v o l a t i l e  a r e a  
c a l c u l a t e d  from t h e  a r e a .  

run was made co r re spond ing ly  is Heliug a l o n e ,  i n  H e l i u m  Oxygen 
a f t e r  t h e  H e l i u m  r u n ,  i n  H e l i u m  Oxygen w i t h  a f r e s h  sample. 

t h e  EGA method(as  measured on f o u r  a c t u a l  samples)  compares 
f avorab ly  w i t h  t h e  s t a n d a r d  manual weight  d i f f e r e n c e  method 
a s  publ ished by t h e  Bureau o f  Mines i n  measuring t h e  amount o f  
f i x e d  carbon i n  c o a l .  As t h e  EGA method is much f a s t e r ,  r e q u i r e s  
on ly  one very sma l l  sample ( l a r g e r  samples can  b e  e a s i l y  handled)  
is  f u l l y  f u l l  au tomat i c  (no a t t e n d a n c e ) ,  t h e  whole in s t rumen t  
probably can be made hand p o r t a b l e  and t h e  s t r o n g  p o s s i b i l i t y  
e x i s t s  t h a t  o n l y  one r u n  i s  necessa ry ;  t h e r e f o r e ,  f u r t h e r  s tudy  
of t h i s  approach on a much l a r g e r  s c a l e  i s  sugges t ed .  

\ (F igu re  # 6 )  and t h e  c o r r e c t e d  a r e a  of t h e  carbon peak i n  t h e  

To check t h e  above c a l c u l a t i o n s  each sample was b e f o r e  

The r e s u l t s  from f o u r  d i f f e r e n t  samples are shown i n  

I n  t h i s  t a b l e  t h e  amount of f i x e d  carbon i n  t h e  f o u r  

The c a p i t a l  l e t t e S H  , 0 ,  H + 0 ,  i n d i c a t e  t h a t  t h e  

I n  summary t h e  p r e s e n t  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  

>> 
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E G A  Samplechamber  1970 

FIGURE 1 
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